Ciprofloxacin (CIP) can exist in two different forms: the zwitterion and the unionized form. While the crystal structure of each has been described independently, the ability of CIP to transform from one to the other in the solid state has not been described. The crystal structures of unionized and zwitterionic CIP were therefore compared using computational methods, including their packing arrangement, hydrogen bonding, packing energy, intermolecular potentials and HOMO/LUMO energy gap. The pure amorphous form of CIP has also never been prepared or studied. Ball milling, cryomilling and spray drying were used in this study to prepare partially and fully amorphous CIP for the first time. The physical characteristics were examined by PXRD, FTIR and DSC. CIP proved to be very difficult to amorphize, and only spray drying in pure water resulted in a fully amorphous product. It was discovered that while most processing methods resulted in the more stable zwitterionic form of the drug, spray drying in an ethanol/water mixture produced the unionized form. The zwitterion was found to convert to the unionized form upon heating to its melting point, whereas the reverse transformation occurred when unionized CIP was exposed to high humidity. This study thus provides insight into the proton transfer which can occur in a zwitterionic drug in the solid state, and the resultant changes to its crystal structure. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 3 Abstract Ciprofloxacin (CIP) can exist in two different forms: the zwitterion and the unionized form.
Introduction
Ciprofloxacin (CIP), or 1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid, is a second generation fluoroquinolone which was first marketed in 1986. It is a wide spectrum antibiotic, with high activity against Gram-negative species of bacteria and goodto-moderate activity against Gram-positive species. 1, 2 It is also effective against atypical organisms such as Legionella pneumophila, Chlamydia trachomatis, Mycobacterium tuberculosis and Mycoplasma hominis. 3, 4 Anhydrous CIP is an interesting molecule, as it can exist in two different forms: the unionized form ( Figure 1a ) and the zwitterion ( Figure 1b ).
However it is the zwitterion that is usually present in the solid state, and that is available In solution, the carboxylic acid and piperazine group of CIP can ionize, depending on the pH of the surrounding media. In the neutral pH range CIP is zwitterionic and has an overall neutral charge, making it practically insoluble in aqueous media. 7 The zwitterion may also form several resonance structures. 8 The solubility of CIP in water has been reported as 0.06 and 0.08 mg/mL at 25 o C and 37 o C respectively. 9 CIP is also poorly soluble in other common solvents such as ethanol, methanol, propanol, dichloromethane, acetone and chloroform.
8
A Retsch ® CryoMill (Haan, Germany) was used to cryomill 0.5 g of pure CIP raw material. The drug was sealed in a grinding jar and immersed in liquid nitrogen for a few minutes. CIP was then milled for 6 cycles, consisting of 3 min of grinding followed by a 2 min break.
Spray Drying
A Büchi B-290 mini spray dryer (Flawil, Switzerland) with a 1.5 mm cap and 0.7 mm tip was used to spray dry pure CIP. The pump speed was set to 30% (9-10 mL/min), and the aspirator to 100%. A mixture of nitrogen (with a pressure of 6 bar) and air was used as the drying gas. Two different solvents were used to produce pure spray dried CIP. In the first case, an excess of the drug was added to 1 L of a 9:1 mixture of ethanol and water, which was stirred overnight. The next day the solution was filtered to remove any undissolved drug, and then spray dried using an inlet temperature of 78 o C. This procedure was then repeated using pure water and an inlet temperature of 100 o C.
Powder X-ray Diffraction (PXRD)
PXRD was carried out to determine whether samples were amorphous or partially/fully crystalline. This was performed at room temperature using a benchtop Rigaku MiniflexII X-ray diffractometer (Tokyo, Japan) and a Haskris cooler (Illinois, USA). The samples were scanned from 5 to 40 2θ degrees with a step width of 0.05, scan rate of 0.05 o per second and signal collection time per step of 1 second. The tube (Cu, 1kW normal focus) output voltage and current were 30 kV and 15 mA, respectively.
Differential Scanning Calorimetry (DSC)
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LabPlant refrigerated cooling system (Filey, UK), which was calibrated using an indium standard. The purge gas used was nitrogen. Approximately 5-10 mg samples were analyzed in sealed 40 µL aluminum pans with pierced lids. All samples were heated from 25 to 300 o C at 10 o C/min.
High-Speed DSC (HSDSC)
HSDSC was performed using a PerkinElmer Diamond DSC (Waltham, 
Temperature-Modulated Differential Scanning Calorimetry (MTDSC) -StepScan™
A PerkinElmer Diamond DSC, as described above, was used to detect the T g of amorphous CIP.
Nitrogen was used as the purge gas at a flow rate of 40 mL/min. Samples were prepared as 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 TGA was carried out on CIP raw material and cryomilled CIP using a Mettler TG50 measuring module coupled to a Mettler Toledo MT5 balance (Schwerzenbach, Switzerland was conducted in order to separate overlapping bands. Following subtraction of the baseline, Gaussian peak fitting was carried out on the spectra using OriginPro 7.5 software. In each case four to five overlapping peaks were detected in this region. Their combined area and shape were close to those of the original bands.
Thermal Degradation Study
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High-Performance Liquid Chromatography (HPLC)
The content of CIP was measured with a Shimadzu® 10Avp HPLC system (Kyoto, Japan), using the liquid chromatography method for ciprofloxacin described in the British Pharmacopoeia. 12 A Luna 5u C8 column was used, with a length of 250 mm, internal diameter of 4.6 mm and 5 µm particle size. The mobile phase consisted of 13 volumes of acetonitrile and 87 volumes of a 2.45 g/L solution of phosphoric acid, previously adjusted to pH 3.0 with triethylamine. An injection volume of 10 µL and flow rate of 1.5 mL/min for 17 min was used. A Shimadzu SPD-10Avp
UV-VIS Detector at 278 nm was used to detect the drug. A standard curve was prepared in order to find the concentration of CIP.
Dynamic Vapor Sorption (DVS)
DVS analysis was carried out on partially amorphous CIP that had been spray dried in ethanol/water, using an Advantage-1 automated gravimetric vapor sorption analyzer (Surface Measurement Systems Ltd., London, UK). The temperature was maintained at 25.0 ± 0.1 °C.
Approximately 10 mg of powder was added to the sample basket and placed in the instrument.
This was equilibrated at 0% relative humidity (RH) until a constant mass was obtained (dm/dt ≤ 0.002 mg/min). The reference mass was recorded and sorption-desorption analysis was then carried out between 0 and 90% RH, in steps of 10% RH. At each stage, the sample mass was equilibrated (dm/dt ≤ 0.002 mg/min for at least 10 min) before the RH was changed. An isotherm was calculated from the complete sorption and desorption profile. The sample was analyzed by PXRD when it reached 80% RH (during the sorption stage) and also when it returned to 0% RH at the end of the study. The crystallographic data was analyzed in detail using Platon (version 150216), 29 CrystalExplorer (version 3.1) 30 and Mercury ® (version 3.5.1) 31 using the 2015 version of the Cambridge Structural Database (CSD) software.
Crystallographic Analysis

Computational Methods
Gaussian03 software 32 was used to optimize the structures of CIP_UI (gas phase) and CIP_ZW (water). Due to the instability of CIP_ZW in the gas phase, solvation effects during minimization of this structure were achieved implicitly through application of the integral equation formalism polarizable continuum model (IEFPCM). The B3LYP/6-311++G(d,p) level of density functional theory (DFT) was applied in all cases. No constrains on the geometry of molecules was imposed.
Initial geometries were minimized using the 6-31++G(d,p) basis set and re-optimized. The
GaussView03 package was then applied to visualize the frontier molecular orbitals and Mulliken charges.
The following global electronic descriptors were calculated according to Koopmans' theorem, 33 assuming that electron affinity (A) can be expressed in terms of HOMO (Highest Occupied 
Results and Discussion
Crystal Forms of Ciprofloxacin
As previously mentioned, anhydrous CIP is known to exist in two crystalline forms. It may be unionized (CCDC number 757817, CSD refcode UHITOV01) 5 or zwitterionic (CCDC number 712460, CSD refcode COVPIN01). 6 Readers are referred to the publications of Mahapatra et al 5 and Fabbiani et al, 6 respectively, for detailed crystallographic information on these structures.
The structure overlay of CIP_UI and CIP_ZW, produced using the crystal structures from the CCDC (no. 757817 and no. 712460 respectively), is shown in Figure 2 . CIP_UI belongs to the triclinic crystal system and P-1 space group.
hydrogen bond is formed between the hydrogen of the carboxylic acid and the neighboring ketone oxygen (Figure 3a ). This interaction is also found in CIP salts, where it stabilizes the protonated carboxylic acid and reduces the acidity of this group. 37 The unionized drug also Each CIP molecule is therefore linked to both neighboring and adjacent molecules, resulting in a tetramer-like structure. Intermolecular C-H π−π interactions between the aromatic rings and between the aromatic ring and cyclopropyl group are also present. 38 Such intermolecular bonding enables dense packing of the molecules in the crystal and the formation of a strong crystal lattice. 39 kJ/mol, respectively, and therefore the zwitterionic form of CIP (crystal) is more stable. This is consistent with the theoretical density of 1.50 g/cm 3 for CIP_ZW, in comparison to 1.45 g/cm 3 for CIP_UI (calculations performed by Platon software).
Production of Amorphous Ciprofloxacin
The production of pure amorphous CIP has not been described in the literature to date. This is most likely due to the fact that it is not suitable for processing by the most common methods of amorphous solid generation. For example, CIP has been reported to decompose after melting, 9 which would rule out the use of melting techniques. In addition, due to its very low solubility in common solvents, solvent evaporation, spray drying and freeze drying are also quite unattractive options. Nevertheless, a number of processing techniques were evaluated in terms of their suitability to amorphize CIP.
Ball Milling at Room Temperature
While milling is often used to micronize drugs, high energy milling can be used to bring about changes in the solid state of a drug, such as conversion from the crystalline to the amorphous form. 41 The CIP starting material was composed of the zwitterionic form of the drug. As can be seen from Figure 4 , ball milling at room temperature for 4 hours did not produce the fully amorphous form of CIP; however it did reduce the intensity of the peaks seen in PXRD over time. As with the starting material, the peaks of ball milled CIP match those of the anhydrous zwitterion (CIP_ZW). Increasing the duration of milling to 6 hours did not decrease the intensity of the peaks further (data not shown). Upon milling, the color of CIP also changed from offwhite to pale yellow, which can be considered as mechanochromism. planes. This occurs in two possible manners, depending on the shape of the crystal. It will either break along its shortest dimension or along a cleavage plane with a low attachment energy. 43, 44 Thus, the fracture of a crystal will occur where the interactions between adjacent planes are weakest. Slip planes are also likely to correspond to rigid crystallographic planes with a high molecular density and large d-spacing (distance between adjacent planes). 45 (1 2 -1) seems to be the most likely cleavage plane of the CIP zwitterion, and therefore it appears as the most intense peak in the PXRD of milled CIP. This plane is illustrated in Figure 5 . 
Cryomilling
The inability to generate amorphous CIP when milling at room temperature may be due to the relatively high temperature at which the process was carried out. The lower the temperature used for milling, the easier it is to amorphize a drug. 46 It is also well known that in order to obtain an amorphous product, milling should be performed below the T g of the drug. 47 Therefore cryomilling should be a more efficient method of producing amorphous CIP than milling at room temperature. Cryomilling holds the sample at a temperature below 0 o C, which helps to prevent crystallization of the sample during milling. 48 As shown in Figure 4 , following cryomilling CIP still had some residual crystallinity. The four most prominent peaks of the CIP zwitterion are still present in the PXRD of the cryomilled sample; however they are less intense than those obtained with the drug milled at room temperature.
Spray Drying
Spray drying was the final technique attempted in order to produce amorphous CIP. Although CIP is described as practically insoluble in water and very slightly soluble in ethanol by the British Pharmacopoeia, 12 theoretically CIP can be spray dried in these solvents. However, a very Spray drying in pure water on the other hand successfully yielded CIP that was fully X-ray amorphous (Figure 4 ). An earlier attempt to spray dry CIP in water resulted in a partially amorphous form of the drug. As with the milled products, the PXRD peaks of this sample corresponded to those of the CIP zwitterion (data not shown). Although this method was successful at producing fully amorphous CIP, a significant disadvantage of this spray drying procedure is that 1 L of solution is required in order to produce just a few milligrams of sample. This is therefore a very inefficient method of generating amorphous CIP.
Quench Cooling -Thermal Degradation Studies
It was noted that upon heating CIP changes color. DSC experiments showed that at the onset of This confirms that quench cooling is not a suitable method for the production of amorphous CIP, as melting induces an unacceptable level of chemical degradation.
The use of higher heating rates should reduce degradation, as the sample will have less time to undergo structural changes. 49 Indeed, when a heating rate of 500 
Solid State Fourier Transform Infrared Spectroscopy
The FTIR spectra of the CIP raw material, amorphous and partially amorphous CIP samples are shown in Figure 6a . The spectrum of raw CIP contains a peak at 1590 and 1375 cm -1 , corresponding to the asymmetric and symmetric vibrations, respectively, of the carboxylate ion. 50 The spectrum of CIP which was spray dried in ethanol/water, on the other hand, has a clear peak at 1722 cm -1 , due to the presence of the COOH group. There may be some residual zwitterionic CIP present in this sample however, as small peaks matching those of the carboxylate ion of CIP may also be seen at 1590 and 1375 cm -1 . The spectra of the rest of the amorphous and partially amorphous CIP samples are missing a strong peak above 1700 cm -1 , due to deprotonation of the carboxylic acid. 51 The asymmetric and symmetric vibrations of the COO -group are far weaker than in the crystalline drug; however amorphous solids are known to exhibit broader bands of lower intensity than their crystalline form. 52 These samples also contain a minor amount of unionized CIP, as a small peak can be seen in their spectra at around 1720 cm 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1 . The peak at approximately 1618 cm -1 in the spectrum of CIP can be assigned to the C=O stretch of the ketone carbonyl, 50 and this peak appears in the spectra of all of the partially amorphous samples. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 spray dried from water (right); dotted black line: recorded spectrum, solid blue lines:
deconvoluted individual Gauss peaks, and solid red line: sum of the component peaks.
The peaks in the carbonyl region of the spectra, from 1770-1550 cm -1 , are quite broad, leading to overlap. In order to enhance their resolution, the spectra were deconvoluted, with Gaussian peak
fitting. An example of the deconvoluted FTIR spectra obtained with spray dried CIP is shown in Figure 6b . In each case 4-5 peaks were found in the region examined, due to different vibrations of the carbonyl groups. For all four of the disordered samples, a peak of low area is present between 1680 and 1760 cm -1 , which corresponds to the unionized COOH group. This confirms the presence of a small amount of unionized CIP in all of these samples. The ratio of the area of the peak appearing at 1600-1680 cm -1 to that featuring between 1680 and 1760 cm -1 can be used to compare the proportion of unionized carboxylic acid present in the four samples. As suggested by the FTIR spectra shown above, the lowest ratio was obtained with CIP which was spray dried in ethanol/water, which was equal to 3.9. This was followed by cryomilled CIP, at 9.5. A much lower proportion of unionized CIP was present in the samples prepared by ball milling at room temperature and spray drying in pure water, which had a ratio of 26.5 and 25.3, respectively. As previously mentioned, the peak at approximately 1590 cm -1 corresponds to the asymmetric vibration of the carboxylate ion. 50 This peak is present at 1583-1590 cm -1 in all of the spectra, confirming the presence of the zwitterion. Two peaks were found in this area for CIP that was ball milled at room temperature and that which was spray dried in ethanol/water. This may be due to the participation of this group in hydrogen bonding.
NH 2 + stretching vibrations are present as weak bands at 2400-2600 cm -1 in the spectra shown in Figure 6a . Similar bands can be found in the FTIR spectra of CIP salts, in which the piperazine secondary amine is also ionized. 9, 53 This peak appears to be absent from the sample spray dried in ethanol/water. These spectra confirm the results of the PXRD analysis above, that is, that the CIP raw material, as well as the samples obtained by ball milling, cryomilling and spray drying in pure water, are zwitterionic. The CIP which was spray dried in ethanol/water, on the other hand, is largely unionized.
Conventional Thermal Analysis
DSC thermograms (using a heating rate of 10 o C/min) of amorphous and partially amorphous CIP, produced by the different methods described above, are shown in Figure 7 . Raw CIP displayed a sharp melting endotherm at 271. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The samples of CIP which were spray dried in ethanol/water and pure water also had broader and lower melting peaks than the crystalline drug, at 270.6 and 266. that the samples are thermally unstable. Temperature-modulated DSC (StepScan™) was used to find the T g of the fully amorphous CIP which was spray dried in water. This technique is more sensitive to changes in specific heat capacity, such as glass transition events, than standard DSC.
It can therefore be used to accurately detect weak, broad or irregularly shaped glass transitions. 55 This allowed the detection of the T g at 86.7 o C (the DSC thermogram is shown in Figure SI .4). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Figure 8a ). This was soon followed by crystallization, which shows that the sample has poor thermal stability. Increasing the heating rate did not have a significant effect on the crystallization temperature of the sample, with the onset remaining between 97.5 and 99.7 o C for all runs. This is unusual, as crystallization is generally a function of temperature and time.
Investigation of Proton Transfer in CIP
Therefore the peak observed in the thermogram would be expected to shift to higher temperatures if the heating rate is increased. 56 The crystallization temperature may have remained constant due to the sample having a low energy barrier for crystallization. Regardless of the heating rate used, cryomilled CIP also displayed two endothermal peaks. The first endothermal transition of CIP can be attributed to the transition of the zwitterion to the unionized form, and it is clearly a function of physical disorder in the sample. While both samples showed this transition, the crystalline CIP required a much higher heating rate for the transition to be noticed. Computational analysis was therefore performed to investigate the 34 Electron density on the HOMO/LUMO frontier orbitals of CIP_UI in the basic state is distributed through various parts of the molecule. The HOMO resides on the piperazine residue and in part on the quinoline ring, while the LUMO sits mainly on the quinoline system, stretching as far as the carboxylic acid group ( Figure 9 ). In CIP_ZW on the other hand the HOMO/LUMO are arranged only around the quinoline ring ( Figure 9 ). The HOMO/LUMO energy gap for CIP_UI and CIP_ZW, based on the computed structures, is 2.939 and 3.020 eV, respectively ( Table 2 ). Therefore the difference in reactivity between the two CIP forms is small, but the slightly better stability of CIP_ZW is visible in the distribution of HOMO/LUMO centered around the quinoline ring and not on the groups with the highest electron donor/acceptor capacity, in contrast to CIP_UI. Global reactivity parameters, such as absolute electron negativity (χ), chemical potential (µ), absolute hardness (η), global softness (S) and electrophilicity index (ω), listed in Table 2 , also indicate the better stability of CIP_ZW. Hardness is a measure of resistance to change in the electron distribution in a molecule, 57 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 Color change has been noted to occur when proton transfer is induced by external stimuli. 42 This may explain why CIP changes color upon milling and when heated close to its melting point.
Piroxicam is another zwitterionic drug which can undergo proton transfer upon processing. In contrast to CIP, crystalline piroxicam is unionized. It converts to the amorphous zwitterion upon cryomilling, leading to a significant change in the conformation of the piroxicam molecule. 42 The unionized form of piroxicam is colorless, while the zwitterion and melt are yellow. 58 The conversion of piroxicam between the unionized and zwitterionic form has been described as tautomeric polymorphism. 58 The zwitterionic and unionized form of CIP may therefore be considered as tautomers, which undergo thermal and mechanically induced tautomerism. The ∆E values for both forms of CIP are close to 3 eV (Table 2 ). This corresponds to the absorption of 410-430 nm light, rendering the substance yellow in color, consistent with our visual observations.
Physical Stability in Humid Conditions
The partially amorphous unionized CIP, produced by spray drying in ethanol/water, was analyzed by dynamic vapor sorption (DVS) in order to investigate the effect of water absorption on the crystal structure of the drug. As can be seen from the sorption-desorption isotherm ( Figure   10 ), partially amorphous CIP was very hygroscopic, absorbing almost 16% of its mass in water at 90% RH. PXRD of the sample following DVS analysis, at 80% RH (on sorption, red line) and following the full sorption/desorption cycle (at 0% RH, black line).
The drug partially crystallized during the DVS study. This was confirmed by PXRD, which was carried out at 80% RH and at the end of the run (Figure 10, inset) . At 80% RH, the PXRD has four main peaks. The peak at 6-7 2θ degrees corresponds to that of the CIP hydrate described by Li et al. This hydrate contains 3.5 water molecules for every molecule of CIP. 59 The peaks at 14.4, 20.7 and 25.3 2θ degrees on the other hand match the most prominent peaks of CIP_ZW.
At the end of the analysis, at 0% RH, the PXRD of the drug also contained the pronounced peak of the 3.5 hydrate at 6-7 2θ degrees. Peaks at 13.8 and 24.5 2θ degrees also belong to the hydrate, and those at 20.8 and 22.4 2θ to the zwitterion. Hydrates often crystallize more readily than the anhydrous form of a drug, as the molecules can pack together more easily. This may be due to their symmetry, changes in conformation, and the formation of hydrogen bonds between the drug and water molecules. 60 When hydrated, CIP also exists in the zwitterionic form. 51 Therefore, while anhydrous CIP can exist in the unionized form, when exposed to water it reverts to the zwitterion. Similar results were obtained with norfloxacin, with the unionized drug 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 converting to the zwitterion when exposed to high humidity. This proton transfer was reversible upon heating above 155 o C. 61 Incorporation of water molecules has been found to lower the energy barrier for proton transfer, which enables this conversion to occur upon hydration.
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Conclusions
The production of pure amorphous CIP is very challenging due to its poor solubility, strong crystal lattice and thermal degradation. Despite these barriers, amorphous CIP was successfully prepared by spray drying in water, while partially amorphous products were obtained by ball milling, cryomilling and spray drying in an ethanol/water mixture. The unionized form of the drug was obtained using the latter method, whereas all others resulted in the zwitterion. Proton transfer, resulting in transformation to the unionized drug, was visualized using HSDSC. This was shown to occur upon heating the zwitterion to its melting point, and occurred more readily in disordered systems. Although the calculated differences between unionized and zwitterionic CIP, such as molecular conformation, packing energy and the HOMO/LUMO energy gap, were found to be small, the higher degree of hydrogen bonding in the crystal lattice of the charged drug results in greater stability and lower reactivity. Thus the zwitterion is the preferred form of CIP in the crystalline state. 
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